A comparison is made between several models of lattice QED, in 2+1 dimensions, which have been shown to exhibit confinement for small couplings.
Introduction
There have been several approaches to the problem of confinement in 2+1 dimensional compact QED, for small coupling constant.
All approaches yield a static potential energy E(D) N yD between a q: pair a distance D apart, where y vanishes nonanalytically with the coupling.
This means there is confinement (but there are differences in the results).
Since the approaches, and the models themselves differ widely, we think it is worthwhile to try answering the following questions:
How are the confinement mechanisms related? How much of the difference between the various results is caused by making different approximations in each case? There is also the question of periodicity. In one approach, 3 heavy use is made of the periodicity of the Hamiltonian as a function of magnetic field, whereas in the path integral approach of Ref. 1, the apparent cause of confinement is the presence of multipseudo-particle solutions, and these exist for non-periodic field potentials as well (those possessing degenerate minima). One would like to know whether periodicity is really necessary for confinement.
What follows is an investigation of these points. We will begin by describing the main features of the approaches we will be referring to, but first a word about notation: our convention for electric and magnetic fields vary in different parts of the paper. To prevent confusion we will give their definitions in terms of the vector potentials Ai, whenever necessary. Ai are always normalized to satisfy -canonical commutation relations with Ai. We will always be working in the temporal Ao=O gauge. Other conventions used are:
1) The lattic indices i,j run over 1,2.
2) Greek indices )J, v, etc. run over 1,2,3.
3) The 3 direction is the time direction (real or imaginary).
4) Summation over like indices is sometimes implicitly used.
5) A,,, Ai are lattice difference operators.
6) c, 2 are unit vectors in the directions p, i, respectively.
1.a. The path-integral method
This approach was implemented in two different ways which converge at a certain point. 192 Polyakov used a Georgi-Glashow QED, which we call model I. The Euclidean action is + +(DV;)2 + $ &2-n2)2 3
F VV = e(auZv -avQ + e2Lp xiv (l.a.1)
where ; is the isovector Higgs field, and $ are the non-Abelian gauge lJV fields for the SU(2) gauge group.
Fa are derived from vector potentials WV Aa, where a is the isospin index. n,X are constants; e is the gauge P coupling, and has dimension (length) -% . Du are covariant derivatives.
Model I contains a pseudo-particle solution, the 't Hooft-Polyakov 
S is the area bounded by the contour C. It is unambiguous if one chooses a planar C.
This path integral is computed using a stationary point. The result is an area-law decrease,
where A is the area of S and y is a constant. 1
The second model in which the path integral approach was used is -compact QED on a spacetime lattice. In what follows, we will compare the various aspects of the different:
procedures -the "variational" (or "tunneling") approach and the "path integral" (or "monopole") approach.
The plan of the paper is as follows:
in Section 2 we discuss classical monopoles in a certain continuum model, in order to gain a better understanding of the relation between model I and the other two models -in which no exact monopole solutions are known.
In Section 3 the mechanisms for screening and confinement are explained and compared in the two approaches. In Section 4 we explore the importance of compactness for screening and confinement.
In 
Monopoles in Interacting QED
To better understand the connection between the approaches, and also between models I and II, we will demonstrate how classical monopole Note that the equation (2.6) has no length scale, so the width of the monopole tube is arbitrary. The monopole point P is also arbitrary, but the tube must be along the 5 direction.
One can presumably find such monopole solutions for any potential V(B) possessing degenerate minima. This condition is satisfied in particular for periodic potentials, but periodicity is not required.
This leads to the question raised in Section 1, of whether periodicity (compactness) is necessary for confinement. We will investigate this point in Section 4.
Screening and Confinement Mechanisms
In both approaches confinement is achieved by screening. The monopole picture in 2+1 dimensions is as follows:
The Wilson quark loop is an (imaginary) current loop C, producing a magnetic field. This field is the same as that of a narrow magnetic dipole sheet on the area S bounded by C, except..on S itself. On the lattice, this sheet is one spacing thick. The energy of the loop increases only as the loop perimeter. However, the loop is immersed in a magnetic monopole gas, which interacts directly with the dipole sheet, thus adding a term proportional to the area of S to the action.
The gas becomes polarized, and monopoles of opposite polarity accumulate on the two sides of the sheet, screening both the magnetic field away from the sheet and the monopole-monopole interaction (Fig. 3) . This
gives the correlation function a finite range, whose inverse is interpreted as a mass of a scalar field. We employ here the following convention for the fields:
The potential we choose is ( Thus this potential has no strong coupling limit. But we choose it because a monopole gas can be derived exactly from the Path-integral.
In that monopole gas, Bo, corresponds to l/g in Ref. This introduces a derivative coupling of the $r field, and the self-energy will vanish as momentum + 0. Thus, screening breaks down. We have found that changing this approximation can make A$, well behaved to begin with at large distances.
We suggest that such effects may combine to make the photon propogator drop exponentially, as in 
A modified Comparison
We will now refine the comparison between the path-integral and variational approaches by making the models, used as inputs for the two procedures, identical. That is, we will apply a path-integral method to model III.
As a first step, we will put this model on a lattice in time as well as space, but with lattice spacing b in time and a in space. Model III for continuous time has the following action:
where g is the coupling constant, a is the spatial lattice spacing, and s denotes a lattice site. g has dimension (length) -% .
We now make time discrete, with spacing b, and make space-time which is exactly d3, the result in Ref. 3 , as written in Section 5.
Conclusions
We have compared the monopole and variational approaches to the problem of confinement in compact QED in 2+1 dimensions. We saw that the mechanisms for screening and confinement are qualitatively the same, and that the crucial coefficient d comes out the same if one takes care
to treat time in the same way in the two approaches.
The main remaining discrepancy is the nature of screening, which is only a power-law in We have also demonstrated that the confinement mechanism breaks down for nonperiodic potentials.
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FIGURE CAPTIONS .
1.
A piecewise-quadratic field potential.
2.
A monopole. B becomes 'II on surfaces T, k.
3.
The Wilson current loop, immersed in a monopole gas.
4.
A quark-antiquark pair.
The lines are Coulomb field lines, the circles denote electric vortices.
5.
The Wilson Contour.
6.
A double-well field potential which does not confine. 
